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The surface flora of the antecubital fossa (ACF) of 25 
subjects comprised the same kinds of bacteria as are 
commonly found on the hands, arms, back and forehead. 
The population density was bimodal. Fifteen subjects 
had a sparse flora. After alcohol disinfection there were 
no surviving bacteria on these subjects. The other 10 
subjects had a more abundant flora (310 to 10,000 per 
cm2 ) and after alcohol treatment there remained on 9 of 
these subjects a surviving population showing no quan-
titative correlation with the surface flora. 
On the palm (hypothenar eminence) of 5 subjects all 
bacteria were eliminated by alcohol disinfection despite 
initial surface populations equal to those of the 5 ACF 
subjects with the greatest alcohol resistant flora. On the 
forehead, bacterial population densities were much 
greater than on the palm or ACF. Alcohol disinfection 
reduced the surface population on the average, more 
than the subsurface populations, but did not eliminate 
either propionibacteria or gram positive cocci. 
Five ACF subjects with the highest alcohol resistant 
populations in the initial survey were retested several 
times over 7 mo (1 subject) or 2% yr (4 subjects). On each 
person, the S"\].rviving bacteria in the initial test were of 
one particular species, Propionibacterium acnes, Pepto-
coccus saccharolyticus, Staphylococcus epidermidis or an 
aerobic diphtheroid. In subsequent tests, S. epidermidis 
disappeared but the other 4 organisms continued to be 
present as alcohol resistant populations on both arms of 
their respective subjects throughout the study (22 of 25 
tests positive). 
We suggest that the terms sheltered and exposed flora 
would be more accurate than transient and resident in 
discussing skin disinfection. 
Although the antecubital fossa is probably the skin site most 
frequently disinfected and penetrated in m edical care, a descrip-
tion of the bacterial flora of this s ite is difficult to find. The 2 
comprehe nsive reviews of t he bacterial flora of normal human 
skin published in th e past 15 yr make no specific reference to 
this site [1,2]. We have therefore carried out such a study with 
particular attention to individual differences that might be 
s ignificant with respect to skin disinfection. 
For purposes of comparison we performed s imilar tests of 
skin disinfection on th e palm and on the forehead. 
MATERIALS AND METHODS 
The antecubital fossa (ACF) of 25 subjects, 11 females and 14 males 
aged 21-66 yr, was sampled. The group was composed of 22 Caucasians, 
1 Afro-American, 1 Chicano, and 1 Asian. AU were students, faculty or 
employees of the University of Washington. 
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Abbreviations: 
ACF: an tecubita l fossa 
CFU: colony forming unit 
In an initiai sw·vey of su1'face flora we swabbed an ru·ea in the center 
of the subject's left antecubital fossa delineated by a template 4.5 em 
in diameter for 30 seconds using a commercial cotton applicator 
("Swubes", Falcon Plastics) moistened in full-strength buffer. T he swab 
was then vigorously agitated in the buffer for 60 seconds to dislodge 
bacteria. In this procedure we used a 0.075 M phosphate buffer with 
0.1% Triton X-100 (full-strength buffer) [3]. Serial 10-fold dilu tions in 
half-strength buffer were plated on 3% tryp ticase soy (BBL) , 2% agar, 
1% yeast extract, and 0.5% Tween-SO. Specimens were also plated on 
mannitol-salts and MacConkey agar as a screening aid for detection of 
S taphylococcus aureus and gram negative e~teric organisms. Duplicate 
sets of cultures were incubated aerobically and anaerobically (GasPak , 
BBL) in sealed containers at 35-37°C for 3 to 7 days. 80% of the 
subjects used Ivory soap for at least 5 days prior to cul ture, the other 
20% used several different commercial brands. 
Three to 7 days (mean 5 days) after the swab culture was taken, t he 
same site was tested by a procedure involving brief alcohol disinfection 
followed by a sampling of residual bacteria by the scrub method in 
order to assay the subsurface organisms as well as any remaining on 
the surface [4]. Gauze pads (4 X 4 inches) were rinsed 3 times in 70% 
ethanol, excess fluid was squeezed out, and the pads were applied to 
the subject's ACF using sterile forceps. An additional 20 ml of 70% 
ethanol was then poured over the pad and the pad was Left in contact 
with the subject's ACF for 60 seconds. It was then removed and the 
area was allowed to air dry. After 3 min (5 min for cultures taken at 28 
or 30 mo) a cylinder 4.0 em in diameter was placed in the center of the 
ACF and 2.0 ml full-strength buff~r .was added. The ru·ea was scrubbed 
using a blunted Teflon policeman for 60 seconds. The fluid was pipetted 
out and diluted in the standard manner. 
Subjects exhibiting a substantial population (see below for specific 
numbers) after alcohol treatment were recultuxed using the alcohol-
scrub procedure 2 or 3 times over periods ·of 7 to 9 mo and 4 were again 
tested at 28 to 30 mo. 
Numbers of bacteria were calculated as colony forming units (CFU) 
per cm2 of skin, from duplicate cultmes of dilutions giving seven to 200 
colonies per sector. Numbers of CFU were rounded off to the closest 2 
digits. If no bacteria were found , their numbers were estimated to be 
fewer than 10 per cm2 • 
The identity of the organisms of each colony type was determined 
by subculture, Gram stain, and appropriate additional tests of at least 
2 colonies of each colony type. Gram-positive, catalase-positive non-
sporing rods were identified as Propionibacterium species if they were 
anaerobic or microaerophilic; or as aerobic diphtheroids if they grew 
better aerobically than anaerobically on subculture. Gram-positive, 
catalase-positive cocci were identi fied as staphylococci if they grew 
anaerobically and equally well or better aerobically; and as micrococci 
if they grew only aerobically. They were classified as Peptococcus 
saccharolyticus if they grew better anaerobically than aerobically. 
Representative isolates were further tested for coagulase and aerobic 
fermentation of sucrose, manni tol and trehalose, in the case of staph-
ylococci and micrococci. Isolates of Pc. saccharolyticus• fermented 
glucose, fru ctose, and glycerol but not maltose; lactic acid was not 
produced from glucose [5]. 
The pH of both antecubital fossae was measmed on 17 adult females 
and 26 adult ma les using a Beckman fla t bulb combination electrode 
(39507) and a Beckman Zeromatic SS-3 pH meter. Seventeen of the 25 
subjects fTom the bacteriological smvey were included in this group. 
In testing the effects of alcohol on the flora of the palm and the 
forehead, we modified the procedure as follows. An ru·ea 22 mm in 
diameter on the hypothenar eminence of one hand was tested by the 
wet swab method. The opposite palm was treated with alcohol for 60 
seconds, as described for the antecubital fossa. After 3 min, at which 
time the palm apperu·ed dry, an ru·ea 22 mm in diameter on the 
• We use the improper abbreviation Pc for Peptococcus for conven-
ience of the reader to distinguish it from the abbreviation P for 
Propionibacterium. 
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hypothenar eminence was tested by the scrub method (1 ml of diluent 
in a cylinder, scrubbed 60 seconds). We have previously shown that the 
swab and the scrub method recover equal numbers of organisms on the 
normal hypothenar eminence [ 4). We considered it desirable to use the 
scrub method after alcohol to allow for the possibility that alcohol 
might alter the surface and make residual bacteria more difficult to 
remove. 
On the forehead, we tested 2 sites, one on the righ t the other on the 
left, in comparable locations. One side was treated with alcohol for 60 
seconds and allowed to dry 3 min. The assays on the forehead were 
patterned on our eru·lier studies [4] showing that one can sample 2 
re lated but different populations of cutaneous flora by testing first by 
the swab method and second by the scrub method on the same site. A 
circular ru·ea defined by a steel template, 22 mm in diameter was 
swabbed for 15 seconds. Immediately thereafter the same area was 
scrubbed 30 seconds, and a swab was then used to harvest bacteria and 
wet the area; the scrubbing was then resumed for 30 seconds more and 
a final swabbing of the skin and of the end of the T eflon policeman 
completed the harvest of organisms fro m the scrubbed area. 
RESULTS 
Surfa ce Organisms of the Antecubital Fossa 
The cultures of specimens collected by the wet swab method 
in the initial smvey of the ACF showed that the population 
density of bacteria on the skin surface ranged from 33 to 10,000 
per cm2 (Ta ble I) . 
As shown in Table II, no specific kind of organism was 
present (>10 CFU/cm2 ) on all subj ects; even coagulase negative 
staphylococci were absent or present in numbers below 10 per 
cm2 on 24% of the subjects. Fom different organisms were found 
in numbers exceeding 1,000 per cm2 on one or more subjects. 
On one subject 2 different organisms were present at t his level, 
on 6 others one organism was this abundant. 
Organisms Surviving Alcohol Treatment of the Antecubital 
Fossa 
In Table I we have numbered the subjects according to the 
results of om first test for bacteria after alcohol disinfection. 
No surviving bacteria (<10 per cm 2 ) were found on subjects 1 
through 16. With few exceptions the initial smface populations 
of these subjects, as measured by t he swab method were low 
(geometric m ean [GM] 97) but one subject, number 16, had 
3500 staphylococci, chiefly S. aureus. N o other subject ha d 
more th an 250 bacteria per cm2• 
TABLE I. The relation of population density of bacteria on the 
untreated antecubital fo ssa to the numbers recovered 3 to 7 days 
later after alcohol disinfection 
Numbers of bacteria pe r em' of skin 
S ubjects No alcoho l Alcohol treated 
R a nge GM Range GM 
1-16 33-3500 97 0 0 
17-20 1800-10,000 3,800 13-50 25 
21-25 310-3500 1,000 210- 3100 920 
GM = geometric mean. ACF = Antecubital Fossa. Untreated ACF 
was assayed by the wet swab method; alcohol treated ACF by the scrub 
method. Total flora was determined by analysis of aerobic and anaer-
obic cultu1·es using data for facul tative organisms fTom whichever 
culture showed the larger number. 
TABLE II. The occurrence of various bacteria on the 
antecubital fo ssa 
Percent of subjects with this number pe r em' " 
< 10 11 - 100 101 -400 
401-
lOOO > 1000 
P. acnes 44 32 8 8 8 
Coag. neg. staph 24 52 8 4 12 
M. luteus 68 20 8 4 0 
Aer. diphs. 68 24 4 0 4 
Pc. saccharolyticus 76 12 0 4 8 
" Data in this table represent results of a single test of 25 subjects for 
surface bacteria assayed by the wet swab method. 
SUBJECTS WITH BACTER lA PRESENT ON ONE OR BOTH ARMS 
AFTER ALCOHOL TREATMENT 
Side 
Subject Sex 
Age 
Method 
Kinds of bocter io 
Day Sto ph IMic roTAerobic ! Prop 'Pepto jother d1 ph socc 
2 1 
22 
RF39 SWAB 0 
SCRUB I 6 
2 24 
3 214 -
4 238 
L SWAB 0 
SCRUB! 6 
2 2 4 
3 214 
4 23B 
Ill 
Ill 
-
L M6 4 SWAB 0 -
SCRUB 1 7 Ill 
2 45 .. 
3 231 Ill 
R SCRUB 1 45 NT NT Ill 
2 23 1 Ill 
~----~---+-----+---+--------- -----------~=-------
23 
2 4 
25 
-- s 10 
LM 33 SWAB 0 
SCRUB! 5 
2 40 
3 271 
R SCRUB 1 4 0 
2 271 
LF51 SWAB 0 
SCRUB! 3 
2 48 
3 224 
4 22B 
R SCRUB 1 4B 
2 224 
3 228 
LF55 SWAB 0 • 
SCRUB 1 3 • 
2 44 
3 2 11 
4 239 
R SCRUB 1 44 
2 211 
3 239 
- 11 - 100 
- 101 - 4 00 
CFU /c m2 sk1n 
.. 
-• 
-• 
-
Ill 
Ill 
Ill 
-401-1000 Ill >1000 
Bacteria l populations of the antecubi tal fossa, a longitudinal study. 
Day 0 is the date on which the surface population was assayed by the 
wet swab method. Scrub 1, 2, 3 and 4 represent successive tests in 
which the flora was measmed after alcohol disinfection. CFU = colony 
forming units. NT = no test. 
Subjects numbered 17 tp 20 yielded small numbers of bacteria 
after alcohol disinfection (13 to 50, GM 25). The population 
density of surface bacteria (1800 to 10,000, GM 3800) was much 
greater than among subjects 1 through 16. 
Subjects 21 to 25 were chosen for special study because they 
yielded relatively large numbers of bacteria after alcohol treat-
m ent (210 to 3100, GM 920) . Their sw-face populations as sh own 
by the wet swab assay (310 to 3500, GM 1000) fell into t he same 
range bu t a little below those of subj ects 17-20. The left arm of 
subject 21 was negative in the alcohol test, but unlike t he 
others, her right arm was also tested a nd it yielded more t ha n 
200 organisms per em " after alcohol treatm ent. Therefore data 
for her right arm rather than her left ar e included in t he 
tabulations. 
The Figure shows results of follow-up tests on subjects 21 to 
25. The principle findings wer e as follows: In the initial alcohol 
test at 3 to 7 days, each person carried one particular kind of 
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organism as his or her sole alcohol resistant population. This 
was P. acnes on 2 subjects, Pc. saccharolyticus on one, S. 
epidermidis on one and an aerobic diphtheroid on one subject. 
On 4 subjects (numbers 21 to 24) the same organism was 
recovered repeatedly and usually from both arms throughout 
the 7-mo period. 
On these 4 subjects characteristic alcohol resistant organisms 
were found in 22 of 25 tests. They usually numbered more than 
400 per cm2 but occasionally fluctuated below that level even 
to the point of disappearance in 3 tests. · 
In addition, to the subjects' characteristic organisms, S. epi-
dermidis or P. acnes was occasionally present, usually in small 
numbers. 
Subject 25 had 2600 per cm2 S. epidermidis on her left arm 
in the first alcohol test, 280 a month later and no bacteria on 
that arm at seven months. She had no surviving bacteria at any 
time on the opposite arm. 
Tests of Antecubital Fossa after 28 to 30 Months 
Retests at 28 to 30 mo showed substantial agreement with 
earlier findings. Of 7 subjects negative on the initial tests with 
alcohol 4 were again entirely negative and 3 subjects were 
negative on one arm but showed few organisms (8, 11 and 70 
per cm2 ) on the other. The 4 subjects previously positive for 7 
mo (subjects 21-24) were again positive at 28 to 30 mo. Each of 
these subjects harbored the same organism as in earlier tests. 
The pH of the antecubital fossae tested early in the course of 
the study ranged from 3.5 to 5.6 with a mean of 4.39. No 
significant sex differences were found. No correlation between 
pH and bacterial population was found. 
Tests of the Palm and the Forehead 
The tests of the hypothenar eminence (Table III) showed no 
bacteria surviv-ing alcohol treatment despite the fact that sur-
face populations measured by the swab test were from 410 to 
Vol. 75, No.2 
5100 (GM 1400) in the range associated with alcohol resistant 
organisms in the ACF tests. 
In Table IV the results of tests of the forehead are presented 
separately for propionibacteria and for gram-positive cocci 
(largely coagulase negative staphylococci). In no case did alco-
hol eliminate either organism. The effect of alcohol on the flora 
assayed by the swab method was more variable and on the 
average greater than on the bacterial populations measured by 
the scrub method. 
DISCUSSION 
As expected, the kinds of bacteria found in the antecubital 
fossa were the same as those commonly found on the hand, 
arm, back and forehead. The population density of the surface 
flora of the ACF occured in a bimodal distribution. Fifteen 
subjects had a remarkably sparse flora, 33 to 250 per cm2 and 
10 subjects had larger numbers, from 308 to 10,000 per cm2 • 
After alcohol disinfection, no surviving bacteria were found 
on the 15 subjects with a sparse flora, whereas 9 of the other 10 
subjects yielded viable bacteria. Survival of bacteria after al-
cohol disinfection did not appear to be merely a function of the 
size of the initial population for 2 reasons: (1) within the group 
of 10 subjects, the number of surviving bacteria showed no 
correlation with the initial population density, and (2) in tests 
of the hypothemu· eminence no bacteria were found after alco-
hol treatment although all 5 subjects had surface populations 
on their control hands equal to those of ACF subjects 21 to 25, 
who had the largest alcohol resistant populations. 
It seems likely to us that the bacteria on subjects 1 to 15 
represented transients derived from other skin areas but that 
there was colonization within the ACF in most if not all of the 
other 10 subjects. The longitudinal studies further suggest that 
colonization by S. epidermidis was transient lasting perhaps a 
few weeks or months, but that P. acnes, Pc. saccharolyticus 
and the aerobic diphtheroid on subject 21 maintained their 
TABLE III. Population density of bacteria on the palm without preliminary treatment and after alcohol disinfection" 
Subject 
1 
2 
3 
4 
5 
GM 
Propionibact. 
1,100 
260 
3,500 
460 
3,800 
1,100 
Numbers per em' of skin 
No Alcohol 
Gram+ cocci 
67 
150 
180 
120 
1,300 
200 
" All bacteria recovered in these tests were either propionibacteria or gram positive cocci. 
Alcohol 
Total Total 
1167 0 
410 0 
3680 0 
580 0 
5100 0 
1400 0 
TABLE IV . Population density of bacteria on the foreh ead without preliminary treatment and after alcohol disinfection 
Subject 
1 
2 
3 
4 
5 
GM 
1 
2 
3 
4 
5 
GM 
No a lcohol 
Swab A 
86,000 
2,200,000 
2,000,000 
880,000 
390,000 
665,000 
140,000 
28,000 
100,000 
2,300 
26,000 
30,000 
Numbers per Cm2 of skin 
Scrub B Swab C 
Propionibacteria 
250,000 1,000 
9,100,000 1,500,000 
14,000,000 490,000 
4,000,000 370,000 
840,000 13,000 
2,500,000 81,000 
Gram-positive Cocci 
170,000 2,200 
36,000 2,600 
160,000 5,200 
2,500 620 
41,000 520 
40,000 1,600 
Scrub assay was performed on same site and immediately after swab assay. 
Ratios 
Alcohol 
A:C 
Scrub D 
85,000 86:1 
13,000,000 1.5:1 
7,900,000 4:1 
1,300,000 2:1 
303,000 30:1 
1,300,000 8:1 
24,000 64:1 
19,000 11:1 
41,000 19:1 
1,900 4:1 
9,800 50:1 
13,000 19:1 
B:D 
3:1 
1:1 
2:1 
3:1 
3:1 
2:1 
7:1 
2:1 
4:1 
1:1 
4:1 
3:1 
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local sites of multiplication in the ACF for the 2 'h yr of this 
study. The fact that both arms were colonized by the same 
organism in each of 4 subjects suggests a stable ecologic rela-
tionship rather than a chance localization of an organism. 
The only instance in which a high sw-face population was not 
associated with an alcohol resistant population involved Staph-
y lococcus aureus (subject 16). It would be interesting to know 
whether this organism usually occw-s in a condition more 
exposed to disinfection than other indigenous bacteria on skin. 
The effects of alcohol on the skin flora of the ACF, the 
hypothenar eminence and the forehead exemplify the great 
differences that may result from this commonly used procedw-e. 
The terms transient flora and resident flora introduced in 
1938 by Price [6) have been useful both conceptually and in 
practical studies of skin disinfection. But these terms do not 
permit an adequate description of populations that may be 
either wholly exposed to disinfection or to some degi:ee pro-
tected. We suggest that the terms exposed flora and sheltered 
flora are more accurate and may be more useful in discussing 
skin disinfection. Thus the S. aureus on subject 16 may have 
been a resident organism in the sense that it was multiplying 
locally, but the population was fully exposed to disinfectant 
action. The sheltered condition may be a result of the long 
recognized subsUI-face localization of bacteria in sebaceous ca-
nals or under keratinized epithelial cells or debris [7-12). We 
speculate bacteria might also be sheltered by the structw-e of 
a bacterial colony in which the organisms are embedded in and 
protected by an extracellular matrix. 
We greatly appreciate the technical assistance provided by Mary 
Bicknell and Mark Strom in this study. 
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